Abstract: Background -Glaucoma is an important eye disease that causes blindness with a frequency second only to blindness due to cataracts. Early detection of the condition is critical to preventing irreversible blindness in those affected. Objective -The purpose of this study was therefore to determine the prevalence of glaucoma in an eye clinic in Ghana, West Africa and help raise awareness of the situation on the ground. Methods and Results -The study is a retrospective study of the Out-Patient Department morbidity of glaucoma at the Emmavick Eye Clinic in Sunyani, Ghana spanning a period of 35 months. The study included patients visiting the clinic for the first time. The diagnostics tools used included tonometry, ophthalmoscopy (examination of optic disc) and perimetry. Out of a total of 5828 patients seen over the study period, 460 (7.89%) subjects presented with glaucoma. The prevalence of glaucoma in female Adults was 9.52% whilst that of male adults was 8.77%. The prevalence of glaucoma in children was 1.41%. Conclusion -The result of the present study affirms the fact that glaucoma is more prevalent in the adult population than in the younger population. This situation has a huge toll on the economy of developing countries like Ghana where there is need of much human resource to drive the advance toward highincome status. Mass education and screening is needed to identify affected individuals for early treatment and inform the populace about the insidious nature of glaucoma and its potential to irreversibly impair vision in affected individuals.
Introduction
Glaucoma is the second leading cause of blindness, after cataracts [1, 2] . Worldwide, an estimated 60.5 million people have glaucoma out of which 8.4 million have become blind. The prevalence is estimated to be on the increase and projected to affect 79.6 million people by the year 2020 [3] . The prevalence of glaucoma is about 1% in the population older than 50 years, and the rate increases with age, being particularly high in Blacks [4] . Africa is disproportionately affected by blindness due to glaucoma. It is documented to blind 1% of people in Africa. In Nigeria, the disease is reported to blind 147,000 people in the population aged over 40 years [4] . However, Ghana is the most affected country in Africa and second in the world [5] , with 8.5 per cent of persons above 40 years having the disease and 7.7 per cent of persons above 30 years also carrying the disease [6] . Being the most frequent cause of irreversible blindness worldwide [7] , glaucoma has the second highest DALY score for sense organs second only to cataract [8] .
Glaucoma has been nicknamed the "silent thief of sight" because there are usually no symptoms or pain associated with the onset of glaucoma and the loss of vision normally occurs gradually over a long period of time and is often recognized when the disease is quite advanced [9] . The disease is characterized by accelerated loss of optic nerve axons, with either high intraocular pressure (IOP) or normal IOP. It may be accompanied by clinical signs such as progressive cupping of optic nerve and loss of peripheral, then central, vision [10] .
Open-angle glaucoma (OAG) is the leading cause of irreversible blindness in Africa. In a study by Quigley and Broman (2006) , the prevalence of OAG tend to increase with age from less than 5% at age 42 to about 20% for those above age 80 [11] . Other studies have shown that people of African descent have at least 4X risk of primary open-angle glaucoma (POAG) than non-Africans [7, 12] . A recent study by Adio and Onua (2012) in Nigeria demonstrated that POAG was the most frequent type of glaucoma occurring in the region [13] . Herndon et al (2002) in a clinic-based survey in Ghana also showed that about 70% of glaucoma in Accra was open angle glaucoma [14] .
Although most cases of blindness (75-80%) can be prevented [4, 15] most types of glaucoma cannot be prevented or cured, and once the visual field is lost it can never be regained [16] . Glaucoma causes chronic and progressive damage to the optic nerve and this condition has been shown to lead inexorably to blindness at a rapid rate if treatment is not instituted within months, and up to 3 years in some cases [17] [18] [19] . However, in a study from Glasgow [18] , it was calculated that if medical treatment was instituted in a timely manner and sustained, the rate of progression of visual field deterioration reduced significantly to 3% per annum, suggesting it might have taken at least 33 years for glaucomatous eyes to progress to blindness, but most did not present early enough at first onset of the disease, and so blindness appeared to ensue rapidly. POAG, which is the most frequent type of glaucoma in Africa, is mostly associated with damage caused by intraocular hypertension can be delayed by medication, surgery, or laser therapy [20] when detected early.
The economic costs associated with visual impairment from glaucoma are considerable [13] . In a recent survey in Nigeria it was demonstrated that the main economic consequences of visual impairment have far reaching impact on the nation as a whole as visual impairment, particularly from glaucoma, has a considerable negative impact on productivity. Visual impairment leads to incapacity and dependence. They conclude that if the health problems caused by glaucoma is eliminated or at least reduced, the quality of life for the people in the country as well as their families could significantly be improved. This could in the end translate into a reduction of the national expenditure by health care services and an increase in productivity.
The importance of early screening and detection in the management and control of glaucoma cannot be overemphasized since the lower mortality rates and higher per capita gross domestic product increase the relative cost-effectiveness of screening and treatment interventions intended to mitigate glaucoma burden [21] . However, even in the developed world fewer than 50% of those with glaucoma are aware of their disease. In the developing world, the situation is even worse as fewer people are aware of their condition. This has necessitated the need for studies like this to provide evidence to the situation on the ground and create awareness about the disease. This could inform policy making and implementation within the sub-region.
Material and Methods

Study Site and Period
This is a retrospective study of the Out-Patient Department morbidity of glaucoma at the Emmavick Eye Clinic in Sunyani, Ghana for a period of 35 months from February, 2010 to December, 2012. The study only included patients visiting the clinic for the first time. Patients coming for review were not included in order to ensure that the same patient is not captured twice. The examination for diagnosis of glaucoma was carried out by an Optometrist and an Ophthalmic Nurse Practitioner.
Study Population
The total study population was divided into children, Male adults and Female adults. Patients aged 0-15 were grouped as children whilst patients with ages above 15 were categorized either as Male adults or Female adults based on gender. In all, the total study population numbered 5828 out of which 918 were children, 2747 were Male adults and 2163 were Female adults.
Diagnostic Procedure
The diagnostic procedures used included tonometry, Ophthalmoscopy (examination of optic disc) and Perimetry.
a) Tonometry
Tonometry was used to measure intraocular pressure (IOP) that sometimes accompanies glaucoma. When used alone however, tonometry may not accurately detect the presence or absence of glaucoma. This is because normal IOP has a diurnal fluctuation of as much as 5 mmHg [22] . Additionally, not everyone with glaucoma has an increased IOP. It is estimated that only half of people with glaucoma have increases in IOP above normal in a random measurement. Tonometry was thus performed alongside other eye examinations in order to diagnose glaucoma accurately. The positive predictive value for diagnosing glaucoma with tonometry has been reported to be 2% to 5% [22] . IOP measurements above the upper limit of normal (21mmHG) have an estimated sensitivity of 47% and specificity of 92% for diagnosing POAG. The sensitivity of the classical cut-off for IOP of greater than 21mmHG is less than 50%. Furthermore, there is no IOP level where a reasonable balance of sensitivity and specificity is obtained [23] . For this study, IOP above 21 mmHG was judged to be abnormal.
b) Ophthalmoscopy-Inspection of the optic disc
Inspection or visualization of the optic disc (ophthalmoscopy) was carried out by the Optometrist and Ophthalmic Practitioner in order to determine if there is damage to the optic nerve. A dilated eye exam with direct ophthalmoscopy by an optometrist is reported to have an estimated sensitivity of 59% and specificity of 73% for detecting glaucoma-associated optic disc changes [24] . Characteristic changes in the structure of the optic nerve were used as diagnostic indicators of glaucoma. However, we must mention again that the ability of these parameters to accurately classify people into disease and non-disease states is relatively poor. Similar to tonometry, there is no cut-point that achieves an adequate sensitivity and specificity balance.
c) Perimetry
When necessary, patients were referred for perimetry in order to evaluate the visual fields. The integrity of the visual fields determines where a person perceives visual stimuli. It is estimated that up to 30% to 50% of the optic nerve fibres must be lost before a classic glaucomatous visual field defect occurs with any consistency. The specificity and sensitivity of perimetry varied depending on the method used as well as the cut-off point for defining visual field defects and the reference standard employed. To establish the presence of visual field defects, several visual field measurements are needed. Measurement of visual fields can be difficult and the reliability of a single measurement may be low. Currently there is no defined standard of progression of visual field defects [25] .
Statistical analysis
Analyses were done using Microsoft Excel 2007 and Graph Pad Prism. Analyses were done using descriptive statistics for frequency distribution and Chi-square analysis. A two-tailed pvalue lower than 0.05 was considered statistically significant.
Results
Data from children, adult males and adult females diagnosed with glaucoma at the study clinic during the study period were analyzed. Figure is a presentation of the number of people with glaucoma from the categories during the study period from 2010 to 2012. It is observed that fewer children consistently presented with glaucoma when compared with adults at the study clinic.
As can be seen from Table, the total number of children presenting with eye cases at the study site for the period was 918 out of a total of 5828 patients who presented at the clinic. Of these 918 presenting with various pathologies, only 13 were diagnosed by the optometrist and ophthalmic practitioner as glaucomatous. Thus the prevalence of glaucoma in children presenting at the clinic for the study period was 1.42%.
The total number of adult males as per our categorization, who reported with eye diseases at the study clinic was 2747 out of 5828 who presented at the Out-Patient Department of the study clinic. Of these, only 241 were diagnosed as glaucomatous by our ophthalmic team. The prevalence of glaucomatous males in the study population for the study period was 8.77%.
From Table, it can be seen that there were a total of 2163 female adult patients out of a total number of 5828 patients included in the study. Of these, 206 were clinically diagnosed as having glaucoma. The prevalence of glaucoma in female adults who took part in the study was 9.52%. It is immediately observed that the prevalence of glaucoma is slightly higher in the female adult population (9.52%) than that of the male adult population (8.77%).
It is observed that relatively fewer adult females (206) than adult males (241) presented with glaucomatous eyes although the difference was not statistically significant (p=0.09).
In the general study population, a total of 460 patients who presented at the Out-Patient Department of the eye clinic were clinically diagnosed as glaucomatous (Table) . This translates into a prevalence of 7.89% for glaucoma in the current study. It can be easily seen that less children presented with glaucoma in relation to adult males and females and the difference was statistically significant (p=0.03). Differences between the number glaucoma cases in males and females was not statistically significant (p=0.09). 
Discussion
Glaucoma is the World's leading cause of irreversible blindness, and poses serious public health and economic concerns [26] . It is not only a problem for the diseased person but also for the society especially in developing countries likes ours where social and welfare services are less functional. When detected early, ocular damage due to glaucoma can be halted or at least vision at the time of detection can be maintained through effective medication or surgery. The importance of early detection in preventing irreversible blindness due to glaucoma can therefore not be overemphasized. In spite of the importance of early detection, the level of awareness of glaucoma within the general populace is low. Even more worrying is the fact that less than 50% of patients with glaucoma are aware they have the disease. It is for this reason that studies like this are needed to determine regional prevalence of glaucoma, help raise awareness and inform policy making.
Ghana is the Sub-Saharan country most afflicted with this insidious eye disease with 8.5 per cent of persons above 40 years having the disease and 7.7 per cent of persons above 30 years also carrying the disease [6] . In this study, the prevalence of glaucoma in the study population was 7.89%. This prevalence is consistent with data of the prevalence of glaucoma in other parts of the country. In a population-based study conducted in 2001 to find the prevalence of blindness in people over 40 years in the Volta region of Ghana, Guzek et al. (2005) found the corrected prevalence for glaucoma in one or both eye was 7.5% [27] .The findings of the present study is however higher than that reported in a Nigerian study by Enock and co-workers where the prevalence was 6.5% [28] .
The prevalence of glaucoma of 7.89% observed in our study gives cause for concern as the results represent only those whose symptoms are overt and inconveniencing enough to warrant a visit to the clinic. It is expected that these figures will be much higher in the communities as most cases of glaucoma could go unnoticed until peripheral vision is almost completely lost. Again, in the developing world, the culture of voluntary visit to the clinic is not common and most people especially in the rural areas will only visit the clinic when the problem is causing substantial pain or has caused visible damage.
The adult male population had a slightly higher number of patients (241) presenting with the disease than their female counterpart (206). However, the prevalence of glaucoma in the adult female population (9.52%) was higher than their male counterparts (8.77%) even though the difference in prevalence was not statistically relevant (p=0.0918). In the Melbourne and Rotterdam studies, there was a trend towards increased risk for OAG in males; however, this difference did not reach statistical significance, possibly due to small sample sizes [29, 30] . Also in a study by Iqbal et al. (2008) to determine the age and sex distribution as well as types of glaucoma in hospitalized children and adults at Khyber Institute of Ophthalmic Medical Sciences, Hayatabad Medical Complex, Peshawar, glaucoma was more common in males in both groups [31] . Sex appears to be a controversial issue associated with an increased risk of glaucoma. The adult male population has a higher chance of being affected with the disease but generally the female population has a higher prevalence of glaucoma since women have increased longevity compared to men.
The low prevalence of glaucoma in children (1.42%) was expected since the risk of developing this disease increases with age and is more prevalent in adults than in children. Although children may have the developmental glaucomas including primary congenital glaucoma, infantile glaucoma and glaucoma associated with heredity of familial diseases, disease progression is very slow. The pathology of glaucoma is known to have a slow onset with some taking as long as 33 years to develop into absolute glaucoma, the end stage of all un-managed glaucomas, characterized by complete irreversible, blindness. Children also have relatively less exposure to most triggers of glaucoma including trauma, cataracts, drugs etc and are thus less likely to become glaucomatous when compared with adults. The subtle changes in vision due to glaucoma may also be unnoticeable by children unless other symptoms, such as severe pain, are present. Unfortunately, open angle glaucoma which is the most prevalent glaucoma type in Africa progresses painlessly and does not have acute attacks with the only signs being gradually progressive visual field loss and optic nerve damage.
The result of the present study affirms the fact that glaucoma is more prevalent in the adult population than in the younger population. This situation, which indicates that people of productive ages (<30) have a high chance of losing sight due to this disease, has a huge toll on the economy of developing countries like Ghana where there is need of much human resource to drive the advance toward high-income status. Therefore, this disability could result in huge economic loss to developing countries. For this reason, mass education is needed to inform the populace about the insidious nature of glaucoma and its potential to irreversibly impair vision in affected individuals. Furthermore, mass screening is also very necessary to identify individuals living with this eye defect to timely intervene with needed treatment and management procedures since the relative cost-effectiveness of screening and treatment interventions intended to mitigate glaucoma burden is well known [21] .
Conclusion
Our study found that the prevalence of glaucoma in Ghana is consistent with the occurrence of the disease at health care facilities. The study confirms a high incidence of glaucoma in the productive ages of the populace. Consequently, much mass education and screening exercises are needed to remedy the potential loss of human resource to irreversible blindness in the country.
